Movement disturbances are often overlooked consequences of chronic cocaine abuse. The purpose of this study was to systematically investigate sensorimotor performance in chronic cocaine users and characterize changes in brain activity among movement-related regions of interest (ROIs) in these users. Functional magnetic resonance imaging data were collected from 14 chronic cocaine users and 15 age-and gendermatched controls. All participants performed a sequential finger-tapping task with their dominant, right hand interleaved with blocks of rest. For each participant, percent signal change from rest was calculated for seven movement-related ROIs in both the left and right hemisphere. Cocaine users had significantly longer reaction times and higher error rates than controls. Whereas the controls used a left-sided network of motorrelated brain areas to perform the task, cocaine users activated a less lateralized pattern of brain activity. Users had significantly more activity in the ipsilateral (right) motor and premotor cortical areas, anterior cingulate cortex and the putamen than controls. These data demonstrate that, in addition to the cognitive and affective consequences of chronic cocaine abuse, there are also pronounced alterations in sensorimotor control in these individuals, which are associated with functional alterations throughout movement-related neural networks.
Introduction
Disruptions of cognitive and affective processing associated with chronic cocaine exposure have been widely characterized in both human addicts and animal models. Behavioral consequences of cocaine use have been primarily attributed to alterations in the mesocorticolimbic dopamine system innervating ventral striatum and medial and orbitalfrontal cortex. Recent evidence, however, suggests that chronic cocaine use may lead to lasting effects in the nigrostriatal dopamine system as well, particularly the dorsal striatum (Letchworth et al., 2001; Nader et al., 2002; Porrino et al., 2004; Volkow et al., 2006 Volkow et al., , 2008 Wong et al., 2006) . Despite the known involvement of the nigrostriatal dopamine system in motor control (Cenci, 2007; Goldstein et al., 1976) , the potential influence of cocaine use on the motor system has rarely been considered.
A number of clinical case studies have reported extrapyramidal symptoms, including tics, dystonia, and dyskinesias in patients with a history of chronic stimulant abuse including amphetamine and cocaine (Bartzokis et al., 1999; Bauer, 1996; Chouinard and Ford, 2000; Daniels et al., 1996; Pascual-Leone and Dhuna, 1990; Tanvetyanon et al., 2001) . While abnormal motor control is typically reported within a week of the last use of cocaine (Rylander, 1972; Pascual-Leone and Dhuna, 1990; Daras et al., 1994) , in some individuals movement disorders were still present even after extended abstinence (Weiner et al., 2001) . While many of the cocaine users in these studies also abused other drugs such as alcohol, Bauer (1996) found a greater incidence of tremor in cocaine-dependent patients than alcohol-dependent or polydrug abusers. Furthermore, the severity or the tremor was positively correlated with the number of self-reported uses of cocaine and negatively correlated with duration of abstinence (Bauer, 1996) . This persistence of the movement deficits suggests that prolonged cocaine exposure may have lasting effects on sensorimotor control systems.
There have been other brief reports documenting Dyskinesias in stimulant users that persist for 1-15 years after the patient's last reported drug use (Lundh and Tunving, 1981; Pascual-Leone and Dhuna, 1990; Rylander, 1972; Thiel and Dressler, 1994) . Given, the limited sample and retrospective nature of most of these studies, however, there is little consensus regarding the nature and severity of motor sequelae that occur in chronic cocaine users.
While sensorimotor control is modulated by dopamine in the nigrostriatal pathway, successful motor control relies on a distributed network of cortical and subcortical structures (Graybiel, 1991 (Graybiel, , 2004 . Visuomotor integration tasks are highly lateralized and rely on activity in the contralateral primary motor cortex, dorsolateral prefrontal cortex, the supplementary motor area of the premotor cortex (Brodmann Area 6), the anterior cingulate cortex, the caudate, the thalamus, and the ipsilateral cerebellum (Foulkes and Miall, 2000; Psychiatry Research: Neuroimaging 181 (2010) 15-23 
